A chemical non-equilibrium equation for binding of massless quarks to antiquarks, combined with the spatial correlations occurring in the condensation process, yields a density dependent form of the double-well potential in the electroweak theory. The Higgs boson acquires mass, valence quarks emerge and antiparticles become suppressed when the system relaxes and symmetry breaks down. The hitherto unknown dimensionless coupling parameter to the superconductor-like potential becomes a regulator of the quark-antiquark asymmetry. Only a small amount of quarks become "visible"-the valence quarks, which are 13% of the total sum of all quarks and antiquarks-suggesting that the quarks-antiquark pair components of the becoming quarkantiquark sea play the role of dark matter. When quark-masses are in-weighted, this number approaches the observed ratio between ordinary matter and the sum of ordinary and dark matter. The model also provides a chemical non-equilibrium explanation for the information loss in black holes, such as of baryon number.
Introduction
Two ways for explaining the origin of mass, QCD and confinement of quarks and the Higgs-mechanism in the electroweak (EW) theory have been discussed by Wilczek: "Superficially those mechanisms appear quite different, but at a fundamental level they are essentially the same" [1] . Such a relationship is derived here in a chemical nonequilibrium model for binding massless quarks to their respective antiquarks. The model yields the same type of superconductor-like potential that generates mass in the EW theory, however the earlier unknown dimensionless coupling to the potential be-which are about 13% of the total sum of all quarks and antiquarks, "observable". When the different effective quark-masses are in-weighted, this value approaches the observed ratio between ordinary and dark matter. Section 5 discusses possible implications of this density-dependent model for general relativity (GR), black holes, gravitational waves, and expansion and inflation of the Universe.
Nonequilibrium Quark-Antiquark Binding
The chemical non-equilibrium conditions exclude usual quantum field theory methods, such as the Bethe-Salpeter equation and eikonal type models [9] [10] , to describe the binding of quarks or leptons to their respective antiparticles. Instead, the model is founded on three dynamical constraints: 1) an equation for chemical non-equilibrium binding of massless quarks to massless antiquarks, 2) the initial boundary constraints for the quark and antiquark scalar field amplitudes q and q , which are assumed equal for left-and right-handed fermions, and 3) the strong spatial correlations between the-pairs. These field amplitudes, which measure the non-equilibrium deviations from the usual chemical equilibrium type quantum fields, are linearly proportional to the respective particle numbers and can hence be treated as "densities" as long as the particles are massless and unobservable.
The rate-equation for chemical non-equilibrium binding of massless quarks to antiquarks when the system cools down, is given by
k and k′ being the binding and unbinding constants. Spinors are not needed, because quarks (fermions) can bind to antiquarks (antifermions) only when the particles are approximately at rest relative to each other and then exchange only soft quanta. Equation (1) thus corresponds to a form of coherent approximation. Recall that the aim is not to describe relativistic scattering of differently handed chiral fermions, but just the increase in the numbers (densities) of bound-states and valence quarks. This does not exclude that k and k' may depend on scattering effects. Observe also that Equation
(1) goes in both directions-to the right when the system cools down and to the left when the temperature (energy) increases-and should hence be suitable to describe hadronization-fragmentation processes. Equation (1) also obeys the initial boundary constraints
and that the initial "free" quark and antiquark amplitudes, q 0 and 0 q , should be equal in magnitude at the big bang, in extremely high-energy proton-proton collisions, and supposedly also in the central region of black holes.
After insertion of these constraints, Equation (1) reads ( )
where
, and
The solution to Equation (3) is ( ) 
where the "short-hand" notations
are the screening and screened initial quark and antiquark field amplitudes, and To quantify the screening effect and study the emergence of valence quarks, mass and dark matter by suppression of antimatter when the system cools down, however, Equation (3) must be first combined with the spatial correlations between the qqpairs that encompass their condensation into hadrons. Like in a freely jointed chain (FJC) [11] , but regardless of whether the particles are tethered or not, the conformational distribution of the increasing indefinite number of-pairs over an infinite set of sites in the volume of a becoming baryon or a Higgs boson is
However, to make the emerging particles point-like, Equation (5) must be contracted and synchronized to a fictitious "centre of mass", ( ) ( )
x . By this approximation, implying that ψ(x, t) is also instantly equalized within the small particle volume after each binding, Equation (5) 
which can be combined with Equation (3). Equation (6) , which has the form of a BoseEinstein distribution, also corresponds formally to the grand partition function, with a ψ playing the role of "fugacity" [3] . However, a ψ is here driven off chemical equilibrium by Equation (3), which regulates the time-evolution of the system of valence quarks and stable and unstable-pairs in a density dependent manner.
To obtain the relaxation dynamics and time evolution of the correlated system, Equation (6) must be linked to Equation (3) . The time derivative of Equation (6),
combined with Equation (3) then yields
which has the solutions
To create a baryon with a small finite number (one or two) of valence quarks ( Figure  1(c) ) of a certain flavour, and a sea of-pairs in which all antiquarks are bound by quarks, or a boson (Figure 1(b) ), massless antiquarks must be exposed to massless quarks for a certain time ~1 kag . It is also required for the system to relax and the symmetry to break down. The field ϕ(t) can then be normalized by a topological quan- By the topological quantization, the stationary zero order term of unstable-pairs in Equation (6) 
Derivation of a GL-Like Potential
By the contraction of all (x, t) to a fictitious "centre of mass" (x, t)-an approximation needed to derive the dynamics and to make all particles point-like-the internal structure and dynamics of the system were neglected. However, in principle, Equation (5 could correspond to any arbitrary structure and dynamics.
For simplicity the time dependent solution in Equation (9) 
This V(φ), which corresponds to a continuum approximation dynamics [15] of the discrete "lattice" in Equation (5) The derivative of Equation (11) yields the spatial part of the equation of motion
albeit for a particle with imaginary mass. This flaw too is restored by the displacement 
and the corresponding equation of motion reads
The mass term 
However, the corresponding field displacement caused by the relaxation and condensation of the actual many-body system, does not take place until after all quarks except for a small number of valence quarks (Figure 1(c) ), have been pairwise stably bound to antiquarks.
Quark-Antiquark Asymmetry
This chemical non-equilibrium model yields a quark-antiquark asymmetry, 
This determines in turn the dimensionless parameter which now yields the-asymmetry,
0.13
, the probability to observe the surplus of valence quarks, relative to the sum of all quarks and antiquarks. As explained below, this expression is approximately equal to the ratio between the amount of visible mass and the sum of visible and "invisible" (dark) masses, because the density of valence quarks is proportional to the density of nucleons in the Universe. The theoretically derived λ ≈ 0.13 agrees well with the 4.9/30.8 = 0.159 observed [18] , and has also the same correct order of magnitude as the ratio 380,000 years after big bang. It thus appears as if that the Higgs boson is just a quark-antiquark condensate, which is obviously not so because leptons, photons and gluons also contribute to the particle masses [1] . However, g still depends only on the quark or lepton field amplitudes regardless of flavour and mass.
The topological quantization,
nation with the contraction of Equation (5) to Equation (6), provides a model-explanation as to how the infinite gas-like system of equal amounts of uncorrelated massless quarks and antiquarks, hence without a surplus of quarks, is condensed into a finite system of-pairs which also contains valence quarks. Equation (1) first generates the highly excited, infinite lattice in Equation (5) of massless-pairs (N p → ∞; m p → 0).
The condensation implied by Equation (6) can then proceed in two different ways, leading to absence (Figure 1(b) ) or presence (Figure 1(c) ) of valence quarks. However, the existence of massive valence quarks in baryons indicates that the-pairing driven by Equation (1) has proceeded as in Figure 1 (c). The topological quantization can then hopefully help to explain how the infinite system of massless-pairs, in this model represented by Equation (6), cools down and relaxes into a finite sea of massive-pairs described by Equation (15), a classical kink event [14] with amplitude 
from which he estimated the C asymmetry to about 10 −9 [2] . Accordingly, the ratio be- 
tacitly had to assume that all valence quarks, non-valence quarks and antiquarks have the same effective mass, about 340 MeV. All particles in the denominator of λ were hence weighted equally by a phenomenological factor θ = 1. This is the maximal mass acquired by valence quarks in the confined state in nucleons, which also contain the-sea. In the actual model, this mass is identified as the ordinary mass that has emerged gradually as a classical kink event [14] after a completed relaxation-condensation process and after symmetry breakdown of dynamics at the very end of the classical kink [14] in Equation (15) .
The dark mass candidates available in this model are thus identified as the-pair components of the becoming-sea, before the end of the classical kink (Figure 2(b) ). Therefore, these components should have a lower average effective mass, implying that 2 K q in the denominator of λ should be weighted by a factor θ < 1, whereas valence quarks ( ) 
Summary and Conclusions
A density-dependent, hence lyotropic [17] , form of the double-well potential employed in EW theory has been derived from a chemical non-equilibrium dynamics that describes the confinement of quarks. The model, which is a mean-field theory,
shows that the Higgs mechanism and the confinement of quarks are essentially the same [1] . This relationship obtains by combining three different keys: Equation (1), the chemical non-equilibrium binding of quarks to antiquarks, Equation (2), the initial boundary constraints for these two reactants, and Equation (6), the strong spatial correlations between quark-antiquark pairs that emerge when the system cools down.
One also had to redefine the initial quark field amplitudes, q 0 and 0 
yields an estimate of the quarkantiquark asymmetry, the "observable" ratio between the densities of valence quarks and the sum of quarks and antiquarks, which can be related to the ratio between visible mass and all masses in the universe. The denominator,
which like the numerator has dimension mass, suggests that an amount equal twice that of antiquarks-the sum of non-valence quarks ( )
hot condensates of such pairs, i.e. components of the becoming-sea-play the es-sential role of dark mass. Even without the phenomenological correction, θ = 0.85, the derived λ = 0.13 has the correct order of magnitude and thus yields a realistic estimate of the observed ratio, 0.159 [18] , between the amount of visible mass and the sum of visible and dark masses.
This chemical non-equilibrium type of dynamics is assumed to have controlled the relaxation dynamics after big bang when baryonic matter with a "surplus" of valence quarks was frozen out from a hot gaseous Universe with equal amounts of massless quarks and antiquarks. It is assumed to also control the relaxation after high-energy proton-proton collisions, and probably also essential parts of the dynamics in black holes.
Obviously, it would have been preferable to obtain the binding of quarks to antiquarks by exchange of gauge particles in 4D. However, the emergence of valence quarks-an increasing number of quarks relative to the number of antiquarks-implies chemical non-equilibrium conditions. In combination with strong spatial correlations, here represented by Equation (6), that emerge when quarks condense via a plasma phase [4] into point-like particles, the chemical non-equilibrium becomes a crucial statistical mechanical problem [3] beyond reach for the grand canonical ensemble which allows, at most, fluctuations about a constant number of particles, and hence beyond lattice QCD. Such non-equilibrium conditions also go beyond transport theories and string models, and a Bethe-Salpeter calculation of the binding mechanism in QCD would become too complicated even at equilibrium conditions. Unable to obtain the quark-antiquark binding by exchange of photons and gluons, the actual two-steps approach to the questions of emergence of mass, dark matter, and valence quarks, thus seems to be the best option at this stage; first the density-dependent GL-like potential is derived, by combing Equation (3) with Equation (6), and then this potential is inserted into the EW theory.
The Nielsen-Olesen (NO) string [23] The actual model suggests that the dark energy equals the kinetic energy of the dark mass. This energy, which was neglected together with the structure in Equation (6) , is estimated to vanishes with φ(t) (Figure 2(b) ) for t → −t 0 according to Equation (15) , R > 0 being a factor to be determined. This also reduces the amplitude of gravitational waves from black hole events, such as formation and coalesce of black holes, making such waves extremely hard to detect [27] .
When mass vanishes, the dust-like particles accelerate to the velocity of light and their clocks stop ticking, at least until they become rematerialized. The question is whether the negative gravitation and negative energy are sufficient to permit rematerialized particles to return to our own world sheet from the interior of black holes [26] .
The existence of relativistic jets seems to support such a possibility, but it is also a question whether these jets are driven by the accretion disk [28] [29] , or by the black hole itself. However, it is doubtful that tidal forces outside or at the event horizon can drive Equation (1) backward and trigger pair-creation.
Clearly, this chemical non-equilibrium interaction is but an attempt to model what actually takes place in the real Universe, however, it seems to be first to go beyond the grand canonical ensemble in a system containing strong spatial correlations, and it also seems to work reasonably well. Observe that transport theories have not succeeded to solve this type of chemical non-equilibrium problem, and have thus not solved the problem for lattice QCD [4] . The actual model, which starts with massless particles, also provides a novel aspect on the mysterious wave-particle duality. After symmetry breakdown, both minima of the double-well potential-one corresponding to the de Broglie/Schrödinger wave nature of electrons without mass and one corresponding to electrons with mass (Figure 2(d) )-have become equally physically probable. Hence, since the massless wave, which coexists with the corresponding massive particle, allows non-local interactions by infinite wavelength quanta, which are in principle non-loca-lizable, this might resolve some of the worst controversies between quantum mechanics and relativity, such as signals propagating faster than light.
It is also interesting to compare the-sea of the actual model with the Dirac-sea [30] , which used ideas from condensed matter hole-theory. However, there was then no acute reason to go further and study condensed matter properties and collective phenomena of vacuum, because QED admitted massive particles already from start, and so did QCD.
